Summary. It is shown that by using the simplest construction of discrete dipoles, the operation count for solving the Dirichlet problem of Poisson's equation by the capacitance matrix method does not exceed constant times n 2 log n. n=l/h. Certain first and second order schemes of interpolating boundary conditions are considered.
Introduction
Over the past 10 years, very fast numerical methods have been developed to solve Poisson's or Helmholtz's equation on certain simple regions with Dirichlet, Neumann or periodic boundary conditions. See e.g. I-2,3,8,9, 12, 19] and [21] . These methods can only be used for regions and boundary conditions that allow for separation of the variables. Typical examples are Poisson's or Helmholtz's equations in Cartesian coordinates on rectangular regions with boundary conditions that do not change type along any of the sides of the rectangle. In these special cases, the operation count for solving the discrete problem is almost proportional to the number of mesh points.
The purpose of this paper is to establish similar results for the Poisson equation on general regions. In this work we are only concerned with finite difference schemes of first and second order accuracy for the Dirichlet problem on simply connected bounded domains with smooth boundaries. A formal discrete potential theory motivated by the classical potential theory is incorporated into the so-called capacitance matrix method. It is shown that by using the simplest construction of discrete dipoles in our Ansatz, it is possible to have an algorithm the operation count of which is proportional to n 2 log n, 
Certain Results from Classieal Potential Theory
We give only a very brief review of a few results of classical potential theory. For a detailed exposition see e.g. [10, 14, 24] . We define the potential ~U resulting from a charge distribution p on a smooth boundary curve Of 2 by
Here x =(x 1, x2), r =(41, 42) and r 2 = (x 1 -41) 2 + (x 2 -42) 2. The Green's function (1/2 n)log r which we shall denote by G* satisfies
where fi(x) is the delta function. Similarly the potential ~W of a dipole density kt on @f2 is defined by
We adopt here the convention that the normal direction of @f2 is towards the exterior of the region f2 in which we want to solve our problem. It can be shown that the dipole density # satisfies the following integral equation
This is a well posed problem of the form
where K is a compact operator defined by the integral above.
If we instead attempt to use a single layer Ansatz for the Dirichlet problem we obtain a Fredholm integral equation of the first kind. It has the form ~(x) = g-u~10~, x e@~, which is an ill posed problem.
